Abstract--In this paper, we use the coincidence degree theory to establish new results on the existence of w-periodic solutions for a two-neuron network model.
INTRODUCTION
Consider the following model for an artificial network of two neurons, 2 2 x 
i (t) = -clxx (t) ÷ ~ alTfj (x7 (t)) + ~ biT f7 (x7 (t -
T17
4(t) = -c:x: (t) + E a~Ty7 (x7 (t)) + ~b:TY7 (~7 (t -~27)) + Is (t) ,
j=l j=l where xz(t) and x2(t) denote the activations of corresponding neurons, ci > 0, i = 1,2, are the internal decay rate, ri7 > 0, i,j = 1,2, are the synaptic transmission delays, ai7 and biT, i,j = 1, 2, are the synaptic weights, fi e C(R,R), i --1, 2, are the activation functions, and Ii E C(R, R), i --1, 2, are the external inputs with periodic w > 0.
It is well known that system (1.1) describes the evolution of the so-called cellular neural network of two neurons. In recent years, the problem of the existence of periodic solutions of system (1.1) has been extensively studied in the literature. We refer the reader to [1] [2] [3] [4] [5] [6] [7] and the references cited therein. Moreover, in the above-mentioned literature, we observe the following assumptions. have been considered as fundamental for the considered existence of periodic solutions of system (1.1). However, to the best of our knowledge, few authors have considered system (1.1) without the assumptions (H0) and (H1). Thus, it is worth while to continue to investigate the existence of periodic solutions of system (1.1).
In this paper, by using the continuation theorem of coincidence degree theory, we will give some results on the existence of the co-periodic solution to system (1.1). The results of this paper are new and they complement previously known results. In particular, we do not need the assumptions (H0) and (Hi). An illustrative example is given in Section 4.
PRELIMINARIES
First, consider an abstract equation in a Banach space X,
where L : Dom L A X --* X is a linear operator and )~ is a parameter. Let P and Q denote two projectors, P : Dora L N X --* Ker L and Q : X -~ X/hn L. For ease of exposition, throughout this paper, we will adopt the following notations:
We denote X as the set of all continuously w-periodic functions u(t) defined on R, and denote Ilullx = max{Ixll~ , Ix21~}. Then, X is a Banach space when it is endowed with the norm Ilullx. 
where A E (0, 1). Again from (2.2) and (2.3), it is not difficult to show that KerL = R 2, ImL = {u(t) :u(t) = (xl(t), x2 (t)) T e X, fo xl(t) dt = fo x2 (t)dt = 0} is closed in X, dim Ker L = codim Im L, and P, Q are continuous projectors such that Im P = Ker L and Ker Q = Im L.
It follows that the operator L is a Fredholm operator with index zero. Furthermore, the generalized inverse (of L) Kp : Im L > Dora L n Ker P reads as
Therefore, from (2.2) and (2.5), we have that N is L-compact on ~, where ~ is any open bounded set in X.
It is convenient to introduce the following assumptions.
(A0) There exist constants kl and k2 such that
(A1) There exist continuous functions gl (x) and g2 (x) such that
where gi, i = 1, 2, are defined on R,n is a ratio of positive odd integers with n > 1.
There exist constants l > 0, a > 0, and/3 >_ 0 such that
3. MAIN RESULTS THEOREM 3.1. Assume that (Ao), (A1), and (A2) hold. Then, system (1.1) has at least one w-periodic solution.
PROOF. We shall seek to apply Lemma 2.1. To do this, it suffices to prove that the set of all possible w-periodic solutions of equation (2.4)x is bounded.
Let u(t) = (xi (t), x2(t))
: be an arbitrary w-periodic solution of equation (2.4)~. We have and 2
zi (t) = ;~ -c:z~ (t) + E alj(kjx~(t) + gs(xs(t) ) )
j=:
] + ~ b~3(k~2(t -~-:~) + g3(z~(t -~1~))) + I:(t)
b~j(kjx](t --~,) + gj(xj(t -~))) + h(t) .
j=l For x(t) C C(R, R) with x(t + w) = x(t), and 0 < r <_ s, by using HStder inequality, we obtain ( 
(-~ fo~lx(t)l~ dt) :/~ <_ ( l (fo'~(lz(t)l~)S/~ dt)~/~ (fo~ldt) (s-~)/~) V~
Combining (3.15) and (3.16), we have (3.16)
this, together with n > max{l, l} and (3.8), implies that there exists a positive constant D4 such that Ixll~+t _< D4. 
Ix;(t)l dt <_ c2lx2(t)[ + la2xklx'{(t) + a2ukux;(t) + ~a2jgj(x(t)) j=l
_< ~x/("+x)(Ik~a211 + Iklb:ll)l ~1,~+~ X n
which, together with (3.19), imply that there exist two positive constants qi, i = 1, 2, such that
Again from (3.19), we have that there exist two points ~ e [0,w],i = 1,2, and two positive constants di, i = 1,2, such that
(3.23) By now we know that ~ satisfies all the conditions of Lemma 2.1. This completes the proof. Notice that klall = 1/4, klbll = 1/8, k2a12 = 1/3, k2b12 = -5/6, kla21 = 1/48, klb21 = 1/48, k2a22 = 1, k2b22 --1/6. It is straight forward to check that all assumptions needed in Theorem 3.1 are satisfied. Therefore, (4.1) has at least one 27r-periodic solution. REMARK 4.1. Since fl(x) = f2(x) --x 3 and n > 1, one can observe that conditions (H0) and (H1) are not satisfied. Hence, the results obtained in [1] [2] [3] [4] [5] [6] [7] and the references cited therein are not applicable to (4.1). Moreover, we can also delete the kl and k2 in the condition (A0). This itnplies that the results of this paper are essentially new.
